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(57) Abstract: A welding system and a consumable electrode welding method, wherein a torch is moved in a direction for separating 



IT) 



it from a base metal (7) by a robot manipulator while a wire is fed since the speed of the wire relative to a welded material can be 
controlled by the operation of an actuator driving the robot manipulator in one direction for separating the torch therefrom, vibration 
is not generated by the reversal of the movement of the torch. Also, by using a dedicated separation control system, the follow-up 
property to the speed of the actuator moving the torch can be improved without increasing the overshoot of the torch in normal 
operation to reduce the acceleration and deceleration times of the manipulator. 
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[0095] — n/^VW— t°al/- ^(DMIgWlYE^QLWfeftfc^^X, TSO(D$$MX\ 

[oo96] ^<DB#fi, ^m^4^i(D^mmmm^—^—^—hir^t^<w±ir^ 

[0097] fctcu TS4&L&(Dmmjj\fii^<D&mz.mL,x^ wimmm^vmm<&m^ 

[0098] ti^hmwmmio^Kmm^n^mmmmK^f^mmw^—y 0 
[oo99] mi^^hmw^mio^icm^n^iiLmuw^— -^^-r^ny^mx^ 

[oioo] ^ini^^i-{5Lgff}ij#/v-7 o ^. m9%m^xmmuzM^m<vwMMm^— 

3 i ^m^um^ri^224^mmdm^tti:ox\ ^ Q 
[oioi] *fc, ai-m, rngtm^, mw$^&tf%m3X7jkirmMTsifrhTS4m(D 

<Dmigmmztetf%migmi¥mmm^TNvc223bi,x\;^ 0 

22^<5v>-c, mmtMh\z.^n^mmv-^4^mm^h^mriommm^ 
^3iMi^j^tt£s£#i-5fc^FF^ 

mk— ^-5i^±tfMj=0^Tuvc222«, mmmm^m^x, n/PVh» 

[0103] ®l<Df|jlJ$P/W- ^^^oV^T, {MfljIJ^I/V— ^^led^^/^^lS^m^^^X 
^°^TVCB206^OV>-CfA^i-§^, jgitFFW^KFFB221^^C 
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TVCB = TVCA + KF-FAXTNVC + KFFBXTUVC 

r.^T\ itFF^yKFFA s KFFB<DfOTf^T<E>iI9"Cfc5o 
0 ^ KF FA ^ 1. 0 
0 ^ KF F B ^ 1. 0 



m? N jgSFF^V^KFFA, KFFB<DmmfeUT<Db$$<9X*fo% 0 
[0105] ttaif^ 7 0 216^CtU^$HS'^^^:g^&^•TPC203toV^T|j&P^-r5t, 

NVC2230? U*mfrVt3><DX~tbZ> 0 ^.(D^M^TPC^m^X^-ttT^ (ffe 
5) tJfcSo 

[0106] BBfea 

TPC=J (TNVC + TUVC) dt 

7i*3 N KFFA=KFFB=0<7?Bf ^5feMi:bT|ll6-e^L/cFFi!j^I^v^!j^I 

[0107] Steicfcjfc^fcjiSl::, TS0^WWS4fiA«feoii1frBbf^|!:j3V>Ttt, ;f— 

[0108] -t^T?, m^mi / m.^m^TNVC223^m»-t^r^(Dm&FF^4>KFFA22 
0£^fc£KFFA=0. 5£t%ks 07(b) * HI 8 Cb)-e^-f ifit£4#te£:fc0s ffiflt©^- 

[0109] — ^,^§g^^^5®3^i-^ijTSld^^jTS43£Oh-^-§l%±tftii 



[0104] [M 



k m m (M26) 
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>f VKFFB£r0»J;ttfKFFB = 1. Ot^t^ M7 (c) , 08 (c) ^Tjk-t tts:<9 , 

[0110] £X_t<D£?{c^ ti^VMf!iJ#^10(Df5Lmff!iJ#/v— ^muc^kirh— ^3l£HtL 
ffilJW^ny^224^}tfc*j^i:L, jgg^TUVC222£M^»J# 
Mm-^TNVC223i:^iJf@^A^-r^t>^i:U, b~^\%±lf M^TUVC 
222{«S^i-^Tt^Vh$lJ#^ 

£-r3~£-?\ m&Mttimc b— ^\^m\^mmy^ y ^224\z.^mmv—^-4(D^ 

[0111] MSt!]^t^^^ih-^5|^Jl^figiS^TUVC222^l±i^$^V^(D^\ 
M^Ibf^B#^h-^5l^g|b$iJ^^n^224^j;^-/^-^-h^^^^- 

[0112] Hil^i-^S^/v-^^P^-r^rir^J:?), ^M#rt-*3tt£TS 

[oii3] ^mm(DMm<Dmm^mx^ ±mvt^x^ mmmtm^mmTsoK 

[0114] ^4^^^|^»C»f^*J&^^T— h^*5«t5*»^lJ: 

, mmm^z, mmm^tei?zm3x^irmMTsifrbTS4m<Dmmh— 

±if»^^ffii-§h-^5lt±tfMm^TUVC222t,^^^M^»^^ 
*5it^ii^«]^itm^TNVC223^IJji^b-CV^(D-C\ ^^^ftf^^h-^ 

§l^-hra^^TUVC222^M^t!)^3Sit^TNVC223^^lJf@t-ii:-f, - 
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[0115] n^vn^vvr, mmm<D^^\^±.^wmK^m^:V5±(Dtz.m^ m 

[oii6] mmti&^^^xMfo&jfmtLsX^ ^—^(DmmnMxm^t^Y;v^h 
^-^Rxfmmm^4^-^mmxm^^h/^^m^\v^mmmmtiwv 

^W5^(J^T, tbiJ^^^^v^5o #N#fF#it*i#JR0^ ^£L*£^ 
[0117] g|14«, Hj^^^^OfljlJ^I^n^^gl^fe^o 

[0118] hii4^*dv>t, QmtMuny^y^x^, {tm^^m&^d e comd)^ 

OrM^^—y^y? 0 m (4) ^(D^^ftd^^iS^— co com (7) ^j^-T§ 0 
[0119] mi4(D10i-±m&mM-y"^y^Xm, mM/^— ^^co com (7)t^e— ^-MM?^ 

—ys^y? co m (2) (D^Mi^ib^— ^®i)fc^Im (11) ^^i"S 0 
[0120] Ell4<£)18}M— ^^^J^Lfc^ci^-efeS 0 Tm(13){^-^4b/W 

s>»9. mmMmmxfo%b{$.fe-r%b. z m (i3) j^t^-t ( 

[0121] [me] 
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rm=KtXIm ({fifc 1 - 1 ) 

vxa=x d y n + t d i s + JmXam + DX<ym+T fi (^ 1 — 2 ) 



K t (12) 
I m (11) 
a, m 
com (2) 
J m 
D 

x n (15) 

t d y n (14) 

t d i s (16) 



^*t*B3£ft (come 



[0122] JbfB^^-rSb^h/^ t jU (15) ii N ^Tt/Tt G&7) -CffUjE-C^So 

[0123] Bfc7] 

t/t=KjiXsgn 

1 (com> 0) 



s g n = 



I' 



0 (com=0) 
(com< 0) 



[0124] (*6-2)<0;&321tE*>5fff&M^ t distt, (»[6-l) t(*6-2) it), £AT 

[0125] [*8] 

t d i s=(KtX Im- J mXam-DX com-K/zX s gn)-t dyn 



[0126] 7^*3 N JbfB(ifc8)lC£5V^T N KtXlm-JmX am-DX cam-Kfi Xsgntt^-^ 

[0127] Hl4Hl*5V^s (30) tt % (g:8)^»^h^Ji^/p^^tU-CSL^OTfc5 D 
[0128] W^M^*!^^^ (30) fcl&V N "C> Sb^M^JtjeH r dyno (29) tt x ft^j 



X ffl IS 011026) 
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m9zh^?m&w? (30) ra\ ^<DW}£) i ¥b/i'?m7£iw. x d yno (29) &m^xm& 

WWmfflW. x diso (28) %httb, ^(DWrnh/WMfeW. x disc (28) teffigmfe? 

[0129] «3£Bl^ns^(3l) tt, Hff^W^miUft r th&fflv v<\ ^T^i~(IS:9) 

[0130] [£&9] 

|rdiso| > rth 

[0131] &±mm\jt&m<DWit>¥ffi&tt'?Yz, mmmmmx^^btmmx^ 
[0132] uo>u mm<DmMmia-z/<*mfri)m&u z<D'**f&&ttvmsb&ft&rz 

[0133] E|15{3\ vtfiybK&tf&^—?bUMm&^Mk\^frm&^tci><D^h<0^ 

— (71) td, ^E~*(72K M3ta(73), ^<Ty^(7 

[0134] ^HlM'J (76) ^—^HtfEtt (80) T^-^ftOP- ^E~* 

) zMffimnmm «l(4i) lessors, 

[0135] «Sai(73)©«^JtR«ttTIEJ»-r(»[10) fcJ^&tbSo 

[0136] BBfelO] 

Rg = (o m/ co L 

[0137] U0>U (73) Hjftgfttmffl (76) ^5£8t2#ctel (77) (Dm \ZL'<*&&& 

[0138] z.<D/**!&ft<D/**?&8L&KSbl^x, mi^Km^r^'f/v^-fxi^WMxmJt. 
fe©^BI16T**>5„ 



WO 2006/043550 22 PCT/JP2005/019119 

[0139] mi6«oV>-C, ImClDtt^E— ? (72)&mW}1rZ>^— Kt(12)}« 
—?{72)(Dy/V?imt. 1/Rg(42, 43) {«3&t<Z)«U 44fM— *^B8*, 4 
5{^#fsjtKm, KS(46)h«*®»(73)©^S^ 9 s(47)ttMilMI( 
76) £*j8*K23fcffl(77) ra^^SfeCtb^l, 48tt5»^-e*)5 0 

[0140] t dis (22) «£flf (T — A2) Kj}\\frZ>ffi$$b/ls?, z dyn' (49) £ #^'Httiji 
M^M^Srl&V^cib^M^ TG(50)«m^7h/V^ t (15)tt»#*KM'* 

[0141] ^E—^te^BSafc (44) fc*5V v£\ ^Jmtt^e— ^n— ^ (75) 

mi (76) ^t?^m^tt (so) [m^'ra^e— Dmiw-^ftfflii# 

[0142] A#^S8m(45)&C^-Ok, A#-r^-^JLf^#(T-^2) (79)£i&£$& 
2MJ (77) ^*?^HIfe# (80) [I]i9<D«tt^-^k DU^^ffiM^ife 

[0143] #^^n#Vh-C«, l3l6-C^/HbLfc«5i«S^^^©*^S£l&3&5i 

[0144] n^vh<^ii^ffljt-e«, mm^m^^^D^ ^yv^m^m^mt^^ 

%±lf ^SrS»**5i?>f— tf^^»f^4)?-cri. &>W&iMkmJftm 

[0146] 0l7ttr©tattWSr^U^Sr^-t-|g-C*>»J^ Bt^'JO. 1—0. 5<DHm3ii^*jffr£r 
Bt^ijo. 6~o. 8tth— ^SI#_htfibf^Sr^L-C*5«5, _ha^ #e*B<fra>3£g 

^d 0 com(l)(D0#ra^b, ^©TC^Wd)PM^acom©Bir 9 1 
mt, ^:<DT\Z-nmW^mfei& z diso(28)cDR#raM^^b-CV^ 0 
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[0147] mi%W){¥x*i^ acom<DmMimt, mmm^^^x^mm^m^^r^^m 
[oi48] L^Lh-^i^ftw-m, ^pmm^m^vxwimm&^^itvx-h 
[0149] mi4x^irmM(Dm^mw^x^mmm(D^^^mi6(DmK^ 

Mtl^X^^^(DX\ ^(DMW)^<D^ffi^W^?*fcj£iW. z diso (28) <Dm^tV 

xmnzo ^(Dm^m^fc^(D^^ ei5<db#£ijo. 6~o. smx&v, nmw^mfe 
[0150] z.(DXotmM.tm^t^ m^x^^^Khmfrh-r m^m^titm^. 

[0151] — ^ mm&y^—^ttx^ mi^ mi6x^t^ ffimm&'**&&^> 
mm) o 

[0152] mi8K^i^^—y<^mmir^fc^(Dy^y^m^-r 0 mmv^miE 

:/n^(69) icm^X, mmfe*y*-*F—s<(61)fe, A^iLt^Milmdl 

)k^~?mmmma>m(ii),mws<y*-?t^x^-?4'r-i/rtm, 
-^jl. ^-»«MtDm, ^#»tt*^#toL. mmm^^mKsi 

46)&£TfM.mitRg&m^^X, ^«MtoL(41),|a^ 0 s(47)&tW 
$Lh/V^Ofp( t dis+ t dyn' +tm + t G) o (65) ^ti^'T^CO'e^o 
[0153] l^^tfyny:? (62) P^Vh£*J&1-^ttO{£®fff# (3£S£«# ( 

63))d^m^b/^ti^t^»b, m^b/^ti^t t Go(67)srm^-r§o 

[0154] m$€h/^&fe7*^y?(69) ^SLM^tDf P ( T dis+ z dyn' + t h + t G)o( 



WO 2006/043550 24 PCT/JP2005/019119 

65) frb, mjjh/>?m&m. * go (67) tmmmw^mmm t^o (24) t&m&u 

mmy/V?mi£( z dis+ z dyn , )o(66)Sr«^JS^ns'^(30) fcffi^fSo 
#fF3Cik2: #112002- 205169-^Sft 
#fF^CS^3 : #Hg2000 - 52286-^SR 

[No. 99- 9]n^^^-^hn^^lf^'99|f^^ 2A1-11-030 

[0155] lo@(Di|Ste\ ffi^b/^mfei z dis+ t dyn' )o (66)1^ ^m^m^tltmtl 
y/V?%m^'W}±>¥Y?V? z dyn' (49) ^^^b5^t^ 0 T dyn' (49) 

[0156] ^(D t dyn' (49) ft^^lft^^it^ fcff^tfcfflBUg 

[0157] 2o a ©iftJHH:, WgL*-?*?—'* (61) Tii, £#>f^— V^JLfc^*®RKS (46 

[0158] ^ffi-Y^— V^JUS, n^yhO^IH'r— AJ^5#»t5^#lcut«J^ibi-5©-e 
[0159] L^U ^^IStKS(19)Sr@^#[i:i-5^i:^}iKJa^fc5 0 ®19J3\ ntfyMc 

xm, fo%*—*#?v?KmM£tix\,^<D-e&% 0 mi9Km^x^ ^nn^ 

Vim&KX. K2, K3ifCV^ 8 n2fcyh^JH&h^0S<E>iiJV\ M5£it80J^_h 
OV^J^BICfcoV^ ##^C2^{jiJ;«9Kl , K2. K3©5pi&fllG£rjfcieK ^(D^F^J 
fg^S^^Kl, K2, K3(DtftHSr^mi-5i:^ **-C#*J33%fc:fc5o 
[0160] feCtt^ 0 s(47)^#HIfe5iSa>L(41)«iiL^a!|^tb6CD-e«Jfe<, fl* 
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[0161] mmmzfy^-^&f&yL^z int. ^rnm^s (46) ^m^mt^ 

[0162] iTfefc*,, »3Sttl^^^Sr^9*/HbL-C{>, »^©^W*tS^+^^_h{f 

[oi64] _hte @ ^it^-rs^^ «K^p^vh(ow^m^&«, m^^l-c 

[0165] «0Jon#Vho«^m^&«, n^VhibffrD^Mg^fel^ 

[0166] W_h©«t5i^ *5lW©ti#yh©«f^m^ife»j:*3V^tt, n#s*©»fft9$E 

[oi67] *fc, ^^^^^lb^(Dm^B^s^^^6^Sb/c0fS«^^^^m^^H^^fE»^ 
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[0168] j^t, ^yh<Dmmt^(omi&mm\^^xmm~r^> 0 

[oi69] mi3\t^mM(DMMi^^m^m^W:^ir^y^mx^, mux^ 

^T^5. ft3b\ ®13^3oV^ Hll4tll^©@B'T^ov^{i|II— ©^%#L 

[0170] mi3^*3v^x, m$zWi& l mmmfc7*Kv? (34) -rii, ^Bm^©3i^^d e c 

om(l) £^Lfc£ES*g^MSj&# a com(33) *AjjkU ¥Jf SOjlDSSi 
U a thttbt^U WT^^t-(i^H) (^ot«^IUII t vth(35) *m£ffl 

[0171] Hfcll] 

xth+dr.th ( 

z v t h ="! 

^ t t h (| acom| <ath COB^p) 

rth : m^mi^xmrn^mm^mmm 

[0172] ±|B t th^il^Sb^^^^oT^^^S<3V^T^^*i6b^c^CD-e 

[0173] ^:UT, ^LO^j^^j±iW<tt x vth (35) %B V ^T, Wmmfe^yv? (31) 

Hl20^"f-«3:5^> h^SltilfS&fE&fToTV ^B#£!|0. 6~0. 8f B lT11tl 
»-^OjD3*ftfifc^ d com (33) ©|&J*|taSFf3£©iD3**BIMt a th (38) £r!g?t5<D 

t\ -toiwtt^ mi DXTjkistc&i,^ mmmmmm. % vth (35) » % ia^w^-cp 

ttb^V^ttilHtt; t th£<9d t th(36)^#<^ 0 ro^tl^t), B#^lJO. 6-0 

. 8mx\ ffi&hjvtmfe®. x diso(28) \zffiMWt^<DMW)m^mt>-oxh , * 

<Btettmffi$&kmtMt x vth (35) Sntt^jfev *^iM*ffiW38&Ufcv\, 

[0174] B^lJO. 8J^#T1*, W^WI^ a com(33) (D&ttjtimfe 



WO 2006/043550 



27 



PCT/JP2005/019119 



(Dummmm a thos) sit tet£%<DX\ m^wtamm x vthos) \zmnwifrx 

[0175] &4b\ ±fBUfcWte©#J^WflfW>£3et*, n^Vh^^^Ifcftktb 

TV ^CPU (Central Processing Unit) \H KfEMfethX\ ^Zfvfr&K&Qff 
t>frl%>i><DXfo& 0 

[0176] *fc, _hSE-e^, M^^M^ a com (33) <DtimffififfiM<Dtittm&m 

math(38)uT^t£<>fcm&x\&<^ffim&mmm z vth(35)Srai^Kifren 

iLtt^tW Hft t th^Mi-^ll^bfc^, ^i^Cilg^ a com(33 

) ©ifi*i-^Bifs©in3SSBHit a th (38) sir^^tcmuxmc^m^mmmm 
z vth(35) iim^m^xm^tcMm^mmm z th^M-r^-m^c 021 ^ 
ir x^icf^m<DmMTd (37) comm^^ktamm. z vthos)^^ z th+d z 

[0177] ^<d$j^ m2i&m\^xmmirZ) 0 021 m^t. v—^\^AL\fm\^n^x\^ 
zmmo. 6~o. 8mx\^\±mm^(DMm&m / ^acoxn{33)(Dmnimm'&(D 
jimmmiw. a th(38)%Mz.z<Dx\ wmu, me)x^i,t^^ m^mm 
m z vthos) nmig<Dm&£'9, d z th(36)^t<^^, -sm^^p^ 

Jgj&^ a com (33) (Z)^ft^0f S<D*PMIWft a th (38) &Mx.X, #C^T[il3 
B#«(B|-e«0#^JO. 8)ffim%HUmU z vth(35)(D« x th + d r th^BJf^0#^J 
Td(37)(DT3®cWtZ> 0 
[0178] {5m^^MJt^acom(33)<D^ 

h(38)«x.-c, ^(Dmm&mmath(38)&Tm<>fcM&x^ mmtkmmm 
z vth(35)(Dim z thK^Km^T, mfe(DmMTd(37)<Dmm$ztkmmm z v 

th(35)(Z)fg^ z th+d r th^{££rT;5^T\ ^^^^^^^SsWj^ffiil 

Mmm(Dwm^^m^x^mmm^m^m<-tmx^ 0 

[0179] &3b\ _hfBb/c0f^<7)B#^ljTd(37) (DRmtl^trj Mfit t vth (35) (Dfit^ z th + d 
t th^^H-^Ste, ^llx.^ n^Vh^^t-I^t'btvCV^CPU (Central 
Processing Unit) ft^fElt^TV^^^J^i^T fifh%>h(DX~foZ> 0 
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[0180] ^mmmmxi^ mti^n^^-^mmi^t^K mis-e^-t^ 
[oi8i] ^(Dx^mmmmmL-xMm&^^^^mmh-^B^^ifm 

[0182] ^mSS^s 2004^10^ 21 0 {tiMcO 0 ^#Wt±iiS2004-306672*3j:U?2004^10^ 
21 0 mM<7) 0^#f^ffi||2OO4-2O6673^^<t>»-efe t 9, ^F^te^l^K 

[0183] ^K^MM^^^m, ^*(D?^««^^^&^^-u-cv>fcT- 

[0184] ££>^ m^u^yh^m^tii^m^mmir^-tx, vtfyh<DW}ftm$i%c& 
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m^mm 

o 



WO 2006/043550 



30 



PCT/JP2005/019119 



[5] ^yhmi¥(Dm^Mmm^^m^tcmmm^±mtii'£mmm^ 



mmmmh-^^mu ^mmY-?-*&m~tz>T??-=i.^-?b, 

fcbmWrU 

m^n^mim±ifxmm^mmm^rif^b^wmb-r^mMm6mm<Dm 
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[01] 




2/19 

WO 2006/043550 PCT/JP2005/019119 




3/19 




4/19 

WO 2006/043550 PCT/JP2005/019119 




5/19 




6/19 



WO 2006/043550 PCT/JP2005/019119 

me] 




7/19 



WO 2006/043550 
[07] 



PCT/JP2005/019119 



120% 
100% 
80% 

m 60% 

vK 

I 40% 

20% 
0% 
-20% 



h-^g^TVC 


h-«*FB ! ! 






TVF 






W^-f f j ] 


f i 


J 35.3% I 

i x — - 

i ! I 


\ \ *-/t-ya-h 

\r\ 2.0% 

\ V! i i 


\ i i ; 


; I m i 

t 1 : 1 . __1 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

mm 

(a) FFfflWMl, (KFF=0) 




m 60% 

vK 

I 40% 

20% 
0% 
-20% 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

mm 

(b) KFF=0.5 
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